Organism and growth. A peritrichously flagellated strain of S. typhimurium, TM2, was used. Characteristics of flagellation of this strain were described by Iino (1974) . Difco nutrient broth (NB) was used as liquid medium. Nutrient agar (NA) was prepared by the addition of 1.2% (w/v) agar to NB.
To examine the effect of NAL, a stock solution (100 mg NAL in 1 ml 1 M NaOH) was added to 20 ml NB in a 100ml Erlenmeyer flask to give the desired final NAL concentration. The medium was inoculated with exponentially growing cells at a final concentration of lo7 cells ml-1 and incubated at 37 "C with gentle shaking. Cell numbers were counted with a bacterial counting chamber (Elma, Tokyo) after fixation with formaldehyde (5%, v/v). Viability was estimated from colony counts on NA.
Observation of'cell shape and cellular motility. Cells were examined in an Olympus VANOX AHB-LB microscope with positive phase-contrast optics at a magnification of 400 x . Cell shapes were arbitrarily classified as filament, rod or spindle. The length of each cell was measured with an ocular micrometer and cells longer than 5 pm were classified as filamentous cells. As it was difficult to count motile cells directly, the motile cell fraction was estimated by subtracting the number of non-motile cells from total cell number, which was estimated from the formaldehyde fixed sample.
Obserwtion ofjagellation. Cells fixed with formaldehyde were washed with distilled water by centrifugation, suspended in distilled water, smeared on a glass slide, and stained with the Shionogi flagellar staining reagent (Shionogi, Osaka) (Iino & Enomoto, 1971) . From each stained sample, 100 to 150 cells were photographed with an 
RESULTS A N D DISCUSSION
As shown in Fig. 1 , less than 5 pg NAL ml-l did not inhibit multiplication of the TM2 cells. After treatment with 10 to 50 pg NAL ml-l for 20 h, cell multiplication was inhibited and viability decreased. Survival curves after treatment with 10 pg NAL ml-l indicated that the effect observed after 20 h treatment was already attained after 2 h (data not shown).
In the range 10 tb 25 pg NAL ml-', in which cell multiplication was inhibited, formation of filamentous cells without septa was enhanced while the proportion of rod-shaped cells decreased (Fig. 2) , as observed in Escherichia cofi (Goss et al., 1964 Cultures treated with 10, 25, 50,75 and 100 pg NAL ml-I were examined for motility ( Table  1 ). The motile cell fraction at the beginning of the NAL treatment was 94%. After treatment for 20 h, approximately 75 to 85% of the filamentous cells were motile at all NAL concentrations. Motility of the rod-shaped cells was inhibited at those concentrations higher than 75 pg NAL ml-' (Table 1) . Only rarely were motile spindled-shaped cells detected. The motile cell fraction of each sample (40 to 80%) was much larger than the viable fraction (0.1 %) (cf. Table 1 and Fig.   1 ). This indicates that the cells which could not multiply after the NAL treatment were still motile.
Cell length and number of flagella were simultaneously measured on samples treated for 2 h with 10 pg NAL m V , the minimum concentration which inhibited cell multiplication. At the start of the treatment, the average cell length was 3.8 pm, the majority (85%) of the cells being in the range of 2.5 pm to 5.0 pm. In a typical cell cycle, therefore, a cell elongates up to 5.0 pm and divides producing two daughter cells 2.5 pm in length. Hereafter 2-5 pm was taken as one unit cell length (u.c.1.).
After the NAL treatment, distribution of cell length became broad and the maximum length approached 20 pm, corresponding to 8 u.c.1. Cells were grouped according to their u.c.1. values and mean number of flagella was ctilculated for the cells of each group (Fig. 3) . With increasing cell length, the number of flagella per cell increased up to 6 u.c.1. Flagella were evenly distributed over the cell surface. These results mean that, during elongation of NAL treated cells, de novo formation of flagella continues.
At the start of the NAL treatment, cells contained either one or two nucleoids and the average increased from one to two with growth of the cell (Fig. 4a) . In the filamentous cells, produced by treatment with 10 pg NAL ml-1 for 2 h, the mean number of nucleoids stayed between one and two and the overall mean, 1.4, WAS the same as that of the untreated cells (Fig. 46) . This indicates that no significant multiplicatiofi of nucleoids occurred during the NAL treatment, and that the cell length per nucleoid increased in the filamentous cells.
Goss et al. (1964) reported of NAL treated E. coli cells that the resulting filamentous cells, although motile, were non-viable when diluted and plated on agar media. This was also the case with S . typhimurium in the present study, suggesting that NAL has no significant inhibitory effect on bacterial motility.
The observations of Goss etul. (1964) did not discriminate whether or not de novo formation of flagella occurred in the presefice of NAL, because the motility they observed might have been attributable to the preexisting flagella. The present study shows that the bacteria can produce flagella de nouo during growth in the presence of NAL, as the number of flagella in filamentous cells increased almost lineariy with the increase of cell length (Fig. 3) . 78 1 Fig. 3 . Distribution of mean number of flagella per cell among the cells of different length fractions in a culture of S . typhimurium TM2, at 0 h (a), and after treatment with 10 pg NAL ml-i for 2 h at 37 "C in NB (b). One u.c.1. corresponds to 2.5 pm. Fig. 4 . Distribution of mean number of nucleoids per cell among the cells of different length fractions in a culture of S. typhimurium TM2, at 0 h (a), and among the filamentous cells after treatment with 10 pg NAL m1-I for 2 h at 37 "C in NB (b). One u.c.1. corresponds to 2.5 pm. 
